The effect of the Younger Dryas cold reversal on the survival of Late Glacial hunter-gatherers in the Japanese Archipelago is evaluated, through a synthetic compilation of 14 Younger Dryas, while the quantity of ceramic vessels that were undermined during the Younger Dryas dramatically increased at the onset of the Holocene, implying that a substantial change in hunter-gatherer socioeconomy occurred after the end of Younger Dryas.
Introduction
A central issue in studying prehistoric hunter-gatherer society is to discuss whether and how extent paleoclimatic oscillations affected human adaptive responses. The interglacial-glacial cycles originally predicted by Milankovitch are now proven to coincide with fluctuations in oxygen-isotope signatures (δ 18 O values) , recorded in ice cores and marine and terrestrial sediments (e.g., Dansgaard et al., 1993; Hays et al., 1976; Kawamura et al., 2007; Wang et al., 2008; Yuan et al., 2004) . In East Asia, recent studies on the oxygen-isotope signatures in cave stalagmites in China (e.g., Sabano and Hulu Caves) have traced millennium-scale fluctuations climatic records reliably furnish climatic frameworks within which changes and variability in adaptive strategies of human societies are legitimately concerned. In developing the relationship between environmental conditions and variability in human adaptations, the Younger Dryas cold reversal, dated to 12,900 -11,600 cal. B.P. (11,000-10,000 B.P.), gives an appropriate chronometric framework. There are several advantageous characteristics in employing the Younger Dryas. The first advantage is that the Younger Dryas is a short climatic episode, but long enough for exploring changes in human societies at the Pleistocene/Holocene transition. An abrupt climatic transition from the previous Bølling-Allerød interstadial and its abrupt termination at the end of the Pleistocene (Alley et al., 1993; Wang et al., 2001) give the prospect that this millennium climatic event could have had a substantial effect on socioeconomy of hunter-gatherer societies. The second reason is that archaeological records are abundant for the Late Glacial, especially after the end of the Last Glacial Maximum (LGM) around 17-16,000 B.P.
It was during the Late Glacial when hunter-gatherers came to settle various regions in the worldwide (e.g., Gamble, 1993; Goebel et al., 2008; Hoffecker et al. 1993; Straus, 1996) .
Because hunter-gatherer archaeological records at the regional scale come to be highly visible in 4 the Late Glacial, it is worthwhile to make a comparison of archaeological records at the regional scale. Among the other geographic locations in East Asia, because of the large number of excavated sites in late Upper Pleistocene (ca. 35,000-10,000 B.P.), the Japanese Archipelago now can provide sufficient data sets to evaluate the impact of Younger Dryas to human adaptations. The third reason is on the emergence of complexity in hunter-gatherer societies. The
Late Glacial archaeological records in the Far Eastern Asia in and around the Japanese
Archipelago witnessed a variety of technological innovations, notably pottery and bow and arrow technologies (see Fig. 4 .). Among the debatable topics including how technological innovation contributed to changes in hunter-gatherers lifeways including on the beginning of sedentary lifeway (e.g., Nishida, 1986; Pearson, 2006) , the beginning of broad-spectrum subsistence strategies (e.g., Aikens and Akazawa, 1996) and the introduction of horticultural economies with rice domestication (e.g., Bleed and Matsui, 2010; Matsui and Kanehara, 2006) , the emergence of pottery technology is a big question in world prehistory (e.g., Clark, 1969; Ikawa-Smith, 1976; Rice, 1999) . It will give a new avenue toward an understanding of evolution in social complexity at the cultural transition from the Paleolithic to the Neolithic, through the clarification of how new technologies changed ways of resource exploitations that in turn altered variability in archaeological records (e.g., Cohen, 1998; Keally et al., 2003; Kuzmin, 2006; Yasuda, 2000) .
Given these environmental and archaeological backgrounds of the Late Glacial, the present paper addresses the question as to whether and how the Younger Dryas impacted huntergatherers in the insular environment of Japan, situated in the mid to high latitudes of the Northern Hemisphere. Since the Japanese Archipelago is isolated from the Continental East Asia, it is an independent geographic entity that can serve as a natural regional framework, but its 5 internal geographic variability is high because of elongated extension and diverse landscapes.
Thus, regionally diverse geography needs to be seen as something that potentially influences the adaptive variability of hunter-gatherers. In this sense, it is reasonably hypothesized that adaptive variation in hunter-gatherer lifeways is expected and that variability in the Late Glacial archaeological records was affected by both macro-climatic condition (i.e., the Younger Dryas cold reversal) and ecological diversity at the regional scale. The Japanese Archipelago serves as an ideal geographic entity for testing the hypothesis.
The main goal of this paper is to discuss changes in human occupations during the Younger Dryas in the Japanese Archipelago. This will be achieved through a synthetic compilation of currently available radiocarbon dates obtained from excavated archaeological sites, and comparison of dates among the three continuous periods of Bølling/Allerød, Younger Dryas, and
Preboreal. The second goal is to see whether there were any socioeconomic changes at the transitions to the onset and at the end of the Younger Dryas. Since Pleistocene archaeological sites in the Japanese Archipelago are virtually sterile in osteological and botanical remains on which we can reconstruct human subsistence economy in resource exploitations, here we will assess socioeconomic change through an examination of foraging patterns at the regional scale by the analysis of site locations (i.e., latitudes and altitudes). Since the emergence of pottery is the notable technological innovation at the end of Pleistocene in East Asia, in employing the new data sets of artifact assemblages associated with radiocarbon dates, we also assess the issue as to whether and how the late Late Glacial hunter-gatherers maintained ceramic technology during the Younger Dryas. Results will illuminate aspects of the human technological and socioeconomic responses to the Younger Dryas, and further suggest implications as to how Late
Glacial hunter-gatherers adapted in the insular environments of East Asia. 
The environmental background of the Japanese Archipelago during the Younger Dryas
While the boundary of Japanese land is politically determined, it is the latitudinally long chain of islands, situated in the mid to high latitudes along the northwestern Pacific Rim. The main islands called Hokkaido, Honshu, Shikoku, and Kyushu, from north to south, extend along a northeast-southwest axis (see Fig. 3 .). These four main islands are situated between 45 -30°N, and 145 -130°E. With the Japan Sea to the west, the archipelago stretches parallel to China, Korea, and Russian Far East. While the land bridge between the Korean Peninsula and Kyushu
Island (southern Japan) disappeared by the end of Middle Pleistocene, the present masses of islands were shaped after the end of the LGM as rising sea level submerged the land bridges between southern Sakhalin Island and northern Hokkaido, and plains that had lain in between Shikoku and the western Honshu (e.g, Keigwin and Gorbarenko, 1992; Tada, 1999) . By about 15,000 years ago, around the time when Bølling/Allerød interstadial began, the present shape of the Japanese Archipelago was nearly completed. Unlike the mainland of East Asia, the oceans that surround the archipelago (the Japan Sea to the west, and the Pacific Ocean to the east) affect the circulations of currents and East Asian monsoons that blow from the west (Igarashi and Oba, 2006) . The geographic characteristics of the Japanese Archipelago stretching across the mid to high latitudes have created both comparable, but also unique climatic signatures from the global standards recorded in high latitudes around the Greenland. The varved sediments in Lake Suigetsu and Lake Tougouike (western Japan) have sequential records of the intensity of East Asian monsoon (Fukusawa, 1999 ). Fukusawa's (1999) 11,300 to 11,400 years ago recorded in the Greenland ice core (GISP 2) (Stuiver et al., 1995) .
Moreover, since illite and quartz grains that are transported as eolian loess by the Asian summer monsoon, Fukusawa (1999: 240-241) analyzed the quartz flux (mg/cm 2 yrs) in late fall to early spring varves in Lake Tougouike to estimate the paleoclimatic fluctuations in the mid latitudes,
given the understanding that the amount of quartz grains in verved sediments reflects the moisture at the inner Asia. In correlating the oxygen isotope ratios in the GISP 2 (Stuiver et al., 1995) , an abrupt increase of quartz flux that suggests the onset of dry and cold climate in inner Asia is 350 years earlier than the onset of Younger Dryas (Fukusawa, 1999: 241) . This estimate is further supported by reconstructed changes in mean annual temperatures recorded in the pollen stratigraphy of Lake Suigetsu, western Japan (Nakagawa et al., 2005) . The cool and dry climate during the Younger Dryas has been also recorded in the vegetation history. A recent synthesis of the pollen records (Takahara et al., 2010 ) from terrestrial and marine sediments in and around the Japanese Archipelago show that the vegetation changes were in response to the DansgaardOeschger cycles registered in Greenland (Dansgaard et al., 1993) . The pollen records obtained from Japan and Taiwan demonstrates that the Younger Dryas was characterized by the abundance of cold conifers and cool conifers relative to temperate deciduous broadleaf trees and an increase of upland herbs. Consistent with the sedimentary changes in varved layers, the pollen records from Lake Suigetsu show cold temperatures during the Younger Dryas (Nakagawa et al., 2005) . Contrary to the vegetation, faunal community in the Younger Dryas has not been well reconstructed because of the lack of paleontological and zooarchaeological records. While a 8 substantial absence of faunal remains in the Pleistocene archaeological sites in Japan makes it difficult to discuss human prey species, some paleontological records around the LGM have demonstrated that the two faunal communities inhabited in the Japanese Archipelago: the faunal group represented by Naumann's elephant (Palaeoloxodon naumanni) and giant deer, and the group with mammoths (Akazawa 2005) . The faunal group with Naumann's elephant was originally migrated from the Continental Asia through land bridges during the middle Middle Pleistocene (ca. 400,000 -300,000 B.P.), whereas the group with mammoths (also including bison and moose) first appeared in the Japanese Archipelago around 360,000 -340,000 B.P., migrated from the northern land bridge . The group with Naumann's elephant mainly inhabited in southwestern Honshu disappeared by the onset of LGM. In contrast, the faunal group with mammoths inhabited in Hokkaido during the LGM, but likely disappeared after the LGM, as climate started to become warmer in the post-LGM period (Iwase et al. 2010 ).
Given the current understanding of paleontological records of the Late Pleistocene large mammalian community in the Japanese Archipelago, megafauna seem to be disappeared by the onset of Younger Dryas. Although there is no confirmative evidence of megamammal hunting in the Japanese Pleistocene sites, without having large mammalian community in the post-LGM landscapes, the largest terrestrial species targeted by humans in the Younger Dryas were presumably mid-bodied mammals notably represented by boars and sika deer, which were continuously preyed in the Holocene (e.g., Niimi 2010; Nishimoto 1991).
An evaluation of the Younger Dryas Sites

The sample and analytical procedure 9
Following the records in the Greenland ice cores (Stuiver et al., 1995) Holocene in northern Japan. The 14 C dates for the study period were also extracted from Keally et al. (2003) . In addition, the list of dates for the sites typologically attributed to the Initial Jomon Phase, recently dated by the National Museum of History and Ethnology (Onbe, 2007) was used.
The radiocarbon dates listed in these references were gathered by referring to the relative ages constructed by a unique chronological scheme of Jomon pottery types, namely the Incipient and Initial Jomon periods (see Fig. 1 .). The lithic assemblages without having the ceramic vessels are also included. Whenever it was necessary, we also used the dates published in site monographs.
In Table 1 , we provide calibrated 14 C dates using the OxCal version 3.10 (Bronk Ramsey, 1995 Ramsey, , 2001 
Results
The calibrated 14 C dates with determined chronozones for sampled sites are summarized in 
12
These site contexts suggest that the hunter-gatherers in the Younger Dryas constructed pit houses, as identified in the Kounoki and Obaru D. Even though pottery was readily used in this period, it is notable that hunter-gatherers retained cobble concentrations that possibly functioned as cooking facilities (e.g., boiling, grilling).
The numbers of sites dated to the Bølling/Allerød and Preboreal are 21 and 36, respectively.
Although some of them possibly fall into the Younger Dryas, a total of eight sites -Juno, Kamikuroiwa Cave Layer 6, Kariyagano, Kigano, Monzen, Ogakubo, Saishikada Nakajima (B),
and Torihama shell midden -could not be assigned as to a specific chronozone because these sites have calibrated dates that cross the ranges of multiple chronozones. Our identification of sites to the chronozones in the Late Glacial demonstrates that site numbers decrease from the Bølling/Allerød to the Younger Dryas, and increase from the Younger Dryas to Prebreal (Fig. 2. ).
Because the duration of Younger Dryas -approximately 1,000 years -is shorter than the previous and following periods, duration of the three chronozones needs to be standardized in assessing site numbers. The mean site numbers per millennium (represented by gray bars in Fig.   2 .) obscures the observed difference in site numbers among the three chronozones, while the number of the Younger Dryas sites is still the lowest among the three periods. This leads the question as to whether human population contraction occurred in the Japanese Archipelago during the Younger Dryas. In the following section (3.3.), we will further evaluate the extent of population dynamics in the Younger Dryas through an examination of site locations at the regional scale in the archipelago. (Hayashi, 1970; Serizawa, 1978 (Denton et al., 2005) , before the onset of the Bølling/Allerød and after the LGM. Putting the issue of the origin of pottery technology into the context of the effect of Younger Dryas on human socioeconomy, it is critical to concern as to whether already invented (or introduced) pottery technology was maintained in the technological inventories of hunter-gatherers during the Younger Dryas. We will examine this issue in section of 3.4.
On the effect of the Younger Dryas on human foraging
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Based on the dated sites that were sorted into the three chronozones, we examine as to whether hunter-gatherers changed their foraging areas in response to the Younger Dryas climatic regime. In order to evaluate a trend in foraging patterns of the late Late Glacial hunter-gatherers, here we test two hypotheses. The first hypothesis aims to answer the question as to whether the humans migrated from the north to the south under the cooler climatic conditions initiated at the onset of the Younger Dryas. As described above, cooler signatures recorded in pollen spectra in central Japan coincided with the Younger Dryas (e.g., Kumon et al., 2009; Takahara et al. 2010) .
If humans shifted their foraging areas toward the south, the Younger Dryas sites are expected to be distributed more southern area than the sites attributed to the Bølling/Allerød. The second hypothesis addresses the question as to whether hunter-gatherers changed their foraging strategies in response to changed seasonality in the Younger Dryas. Since the interpretation of changes in oxygen-isotope ratios in the Greenland ice cores has shown that the Younger Dryas is marked by considerably colder winters than during the preceding and succeeding chronozones (Broecker, 2006; Denton et al., 2005) , as well as decrease in summer monsoons (Wang et al., 2001 ). With the increased seasonality with long winters and cool summers, plant productivity and abundance of species in mammalian community were diminished. The overall decline in biomass could have resulted in available resources for humans across landscape to become patchy. In this circumstance, it is expected that hunter-gatherers changed their foraging strategy to acquire resource patches that were expected to be more scattered on plains, lowlands, and lower terraces than high plains, and mountains. Given the rugged terrain of the Japanese Archipelago, foragers in the Younger Dryas were expected to shift their foraging areas toward lower elevations.
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The first hypothesis is tested by a comparison of latitudes of site coordinates among the Bølling/Allerød, Younger Dryas, and Preboreal. Fig. 3 . compares the latitudes of sites among the three chronozones. The sites are spread across the entire Archipelago, although the frequency of the Younger Dryas sites is lower and the geographic distribution is slightly more "centered" in the archipelago than in the previous and following periods. The Younger Dryas sites are distributed between 40 and 33 °N, and no sites are identified below 33 °N or above 41 °N. In plotting the site locations on the map of Japanese Archipelago (Fig.4.) Preboreal (N = 3), and Undetermined (N = 3), although the sample size is so small that it is not allowed to examine non-randomness of site numbers among different chronozones. Conversely, if the pattern in latitudes of sites was not the result of sampling error, the observed limitation in site distribution suggests that the overall human population in the archipelago likely had contracted in some degree. Regardless of whether there is sampling error or not, no Younger Dryas sites distribute in regions lower than 33 °N and above 41 °N, implying that population contraction, if any, was not associated with directional human migrations. In other words, the kinds of human migrations that altered both regional and pan-regional population dynamics represented in the American Continents during the Late Glacial (e.g., Anderson and Gillam, 2000; Dillehay, 2000; Faught, 2008; Hamilton and Buchanan 2007; Rogers et al. 1991; Steele et al. 1998; Surovell, 2000) , were unlikely to have occurred during the Younger Dryas in the Japanese Archipelago.
In testing the second hypothesis, we compared the altitudes of Younger Dryas sites with those of the Bølling/Allerød and Preboreal sites. Because the altitudes of sites are not normally distributed (Ryan-Joiner normality test: RJ = 0.881, N = 39, p < 0.01), the medians of altitudes were compared among the three chronozones. The median of attitudes for the Younger Dryas sites (65m) is much lower than those of the other (Bølling/Allerød = 184m, Preboreal = 173m).The non-parametric statistical comparison, however, failed to reject the null hypothesis that the altitudes of sites among the three chrnonozones are not different at the 5% level (Kruskal-Wallis Test: H = 2.59, df = 2, p = 0.274).This is because the sites located above 600 m above sea level (e.g., Kannoki and Seikosanso B in the montane area in Central Japan) were consistently occupied throughout the three periods of the Late Glacial. Even though the median of site elevations for the Younger Dryas is low, humans lived almost as widely across entire regions in Japan, regardless of altitudinal differences vis-à-vis the Bølling/Allerød and Preboreal.
Thus, hunter-gatherers favored to move in lower elevations during the Younger Dryas, but no prominent sign of change in the overall patterns of site locations. This implies that change in foraging areas with respect to altitudinal movement was little.
<Fig.3.> <Fig.4.> (Pearson, 2006; Shinto, 1999) .
The role of pottery technology among humans in the Younger Dryas
As noted earlier, we examined how final Late Glacial hunter-gatherers maintained the earlier invention of pottery technology. If ceramics was identified as a technological inventory of the
18
Younger Dryas hunter-gatherers, it will suggest that humans have consistently employed this peculiar cooking utensil in their subsistence practice. If it was not, it will imply that humans radically changed their subsistence technology responded to new ecological circumstance in the Younger Dryas. In testing these expectations, we collected quantitative data on ceramic sherds from the late Late Glacial sites, assuming that the number of potsherds gives a gross estimate of the quantity of vessels that were consumed by site occupants. Since the variability and quantity of archaeological assemblages can vary depending on sample size (Grayson, 1984; Leonard and Jones, 1989) , we examined the relationship between number of identified specimens (NISP) for ceramic sherds and trench size at excavated sites (m 2 ), followed by a comparison of quantities of potsherds among the three chronozones (i.e., Bølling/Allerød, Younger Dryas, and Preboreal).
Although some lack of quantitative data of potsherds makes the sample size reduce to be 24, the Table 3 summarizes the basic statistics for the NISP of pottery compared among the three periods. Only two pottery assemblages (i.e., Kounoki and Takihata) are assigned to the Younger Dryas. The sample size is smaller than those of the previous and following periods. Also, the quantity of ceramic vessels for the Younger Dryas as represented by the NISP is notably smaller than those of the other periods. The median size of pottery assemblage in Bølling/Allerød is about 50% larger than those of the Younger Dryas, while the median size for Preboreal is four times larger than that of the Younger Dryas. Moreover, the maximum number of potsherds in the Preboreal is 66 times larger than that of the Younger Dryas.
While pottery was the newly invented material first appeared in the archaeological records during the Bølling/Allerød, its quantity increased dramatically at the onset of the Holocene, suggesting that the use of pottery came to be a requisite among the hunter-gatherer societies since the beginning of the Holocene. This supports an earlier observation by Keally et al. (2003) .
A notable observation stemming from our data is that the frequency of use among ceramic vessels diminished during the Younger Dryas. Pottery was consistently maintained in the subsistence technology among the late Late Glacial hunter-gatherers, while its importance in technological inventories seems to have been smaller during the Younger Dryas. The present data are insufficient to broach the big question about how the emergence of sedentary lifeways was related to the technological innovations and broad-spectrum subsistence economy in hunter-gatherer societies. While the incompleteness of dietary data makes it difficult to reconstruct the subsistence economy of the Late Glacial hunter-gatherers, the first obvious signature of broad-spectrum has been seen in the intensive exploitation of aquatic resources that left large shell middens since the beginning of Holocene (e.g., Aikens and Akazawa, 1996; Nunn et al., 2006) . Since the Natsushima shell midden (southern Kanto), known as the earliest shell midden in Japan (Sugihara and Serizawa 1957 ) was now likely fallen in 11,500 -9000 cal. B.P. (Habu 2004; Kudo 2004) , it is plausible that the emergence of shell middens on the Japanese
Archipelago was during the Preboreal. This phenomenon occurred simultaneously with the quantitative increase of ceramic vessels, may have been the cultural consequence of a systemic 21 change in human resource exploitations and foraging patterns. However, pottery production and use did not come to be large-scale for 4500 years of the Bølling/Allerød and Younger Dryas until the onset of Preboreal, while the mean site numbers did not increase dramatically at the transition from Younger Dryas to the Preboreal (Fig. 2. ). This may suggest that the increased quantity in ceramic vessels in the Preboreal sites was not an outcome of rapid demographic change in the beginning of the Holocene. Rather, we suggest that an increased reliance on pottery could be the consequence of changes in human foraging strategies. We also think that the presence of shell middens may not necessarily be a rapid response to widening human diet breadth and population increase at the onset of Holocene. Potential foraging areas for pursuing terrestrial mammals after the end of LGM gradually decreased as the transgression of shorelines towards inlands submerged the Pleistocene plains to shape present rugged and narrow coastal plains on the Japanese Archipelago. Besides the decreased foraging areas, since mobility of mid-bodied terrestrial mammals (e.g., boar, sika deer) was lower than that of the Pleistocene large-bodied mammals inhabited on the lower plains (e.g., bison, giant deer, moose, reindeer), cost induced from searching the terrestrial games ("searching costs" sensu Stephens and Krebs [1986:17]) would have decreased as well. This made humans repetitively forage on particular segments on the Holocene landscapes, but face to spend energy and time to exploit various small patches including low-ranked resources with low caloric returns (e.g., shellfish, geophytes) and high handling cost (e.g., deciduous acorn with toxic tannin). In some regions where coastal plains were small (e.g., Tohoku, northeastern Honshu), hunter-gatherers could have crossed over both coastal (e.g., estuaries, marshes, lagoons) and inland (e.g., valleys, hills, mountains) areas to exploit various resource patches. Decreasing foraging territories and widening prey choices occurred after the Younger Dryas would have eventually led hunter-gathers to be sedentary that 22 in turn accelerated rate of innovation to produce a variety of ceramic vessels served for cooking and storage. Having recognized the increased biogeographic diversity in the Japanese archipelago after the end of Younger Dryas, this scenario only delivers a general framework of changes in foraging strategies and prey choices, which future investigations into the archaeological records at micro-regional scale will evaluate. 
